Objective: Associations between low socioeconomic status (SES) and poor health outcomes have been demonstrated in a variety of conditions. However, the relationship in patients with sepsis is not well described. We investigated the association of lower household income with in-hospital mortality in patients with sepsis across the United States. Methods: Retrospective nationwide cohort analysis utilizing the Nationwide Inpatient Sample (NIS) from 2011. Patients aged 18 years or older with sepsis were included. Socioeconomic status was approximated by the median household income of the zip code in which the patient resided. Multivariate logistic modeling incorporating a validated illness severity score for sepsis in administrative data was performed. Results: A total of 8 023 590 admissions from the 2011 NIS were examined. A total of 671 858 patients with sepsis were included in the analysis. The lowest income residents compared to the highest were younger (66.9 years, standard deviation [SD] ¼ 16.5 vs 71.4 years, SD ¼ 16.1, P < .01), more likely to be female (53.5% vs 51.9%, P < .01), less likely to be white (54.6% vs 76.6%, P < .01), as well as less likely to have health insurance coverage (92.8% vs 95.9%, P < .01). After controlling for severity of sepsis, residing in the lowest income quartile compared to the highest quartile was associated with a higher risk of mortality (odds ratio [OR]: 1.06, 95% confidence interval [CI]: 1.03-1.08, P < .01). There was no association seen between the second (OR: 1.02, 95% CI: 0.99-1.05, P ¼ .14) and third (OR: 0.99, 95% CI: 0.97-1.01, P ¼ .40) quartiles compared to the highest. Conclusion: After adjustment for severity of illness, patients with sepsis who live in the lowest median income quartile had a higher risk of mortality compared to residents of the highest income quartile. The association between SES and mortality in sepsis warrants further investigation with more comprehensive measures of SES.
Introduction
The relationship between socioeconomic status (SES) and health outcomes has been widely studied for a variety of health conditions. Robust associations between lower SES and worse outcomes have been demonstrated in heart disease, cancer, stroke, palliative care, access to procedural interventions, and overall mortality. [1] [2] [3] [4] [5] [6] [7] In critical care, an association between low SES and higher mortality in patients admitted to intensive care units (ICUs) has also been suggested. 8, 9 Sepsis is the sixth most common reason for hospital admission in the United States, and in critically ill patients, severe sepsis and septic shock remain the leading causes of mortality. [10] [11] [12] To date, the relationship between SES and sepsis has not been well characterized. Existing studies have been limited by small sample size or lack of an appropriate control for disease severity. 13, 14 Recently, Goodwin et al demonstrated that living in medically underserved areas (MUAs) in South Carolina was associated with worse outcomes in patients with sepsis. 15 However, it has yet to be shown whether this relationship is more broadly generalizable to other areas.
The objective of our study was to examine the relationship between SES, using the surrogate of median household income, and mortality in patients with sepsis across the United States. On the basis of prior research, we hypothesized that lower household income would be associated with higher mortality.
Methods
We report our study in accordance with the STrengthening the Reporting of OBservational studies in Epidemiology statement. 16 A waiver of consent was granted from the institutional review board of University of British Columbia (H16-01635). The outcome for this analysis was in-hospital mortality.
Cohort Selection
For this retrospective cohort analysis, the setting was the 2011 Nationwide Inpatient Sample (NIS). The NIS is a national database capturing 20% of all US hospital admissions produced by the Agency for Health Care Quality (AHRQ). 17 Using a complex survey design, the NIS allows for estimation of 95% of inpatient care delivered across the United States. The NIS represents data from the entire year 2011 from over 4000 hospitals in 47 states.
The participants of this study were patients aged 18 years or older who met the Angus definition of sepsis from the 2011 NIS sample. 18 The Angus definition has been validated to have a sensitivity of 50.4% and a specificity of 96.3% in identifying patients with sepsis. 19 The Angus definition was created by Dr Derek Angus for the use of administrative data in the study of sepsis and has been utilized extensively. 18, 20, 21 In order to be "Angus Positive," a patient must have the International Classification of Diseases, Ninth Revision (ICD-9) code for severe sepsis (995.92) or septic shock (785.52). A patient can also be Angus Positive if they have an ICD-9 code for infection with an additional code for organ dysfuncton. 19 The variables obtained from the data set and used in this analysis were age, gender, race (white, black, Hispanic, and other), length of stay, hospital mortality, insurance status, zip code income quartile, and do not resuscitate (DNR) status (V4986). Diagnostic and procedure codes were collated utilizing the ICD-9, Clinical Modification scheme.
To define SES, we relied on median household income level for the zip code of the patient's residence. The use of income data as a sole measure of SES is common but not ideal in health outcomes research. 22 Ideally, a multilevel analysis would be performed incorporating detailed information on factors such as wealth, education status, and marital status, among others. Unfortunately, the NIS, as with most large administrative data sets, does not contain detailed information on these other factors. Thus for the purposes of this analysis, when we refer to SES we are referring to median household income. For the purpose of univariate analysis, we compared the lowest quartile to the highest quartile of median zip code income. For multivariate modeling, the highest quartile served as the reference value, and data from all quartiles were included in the model. The median household incomes for the zip code quartiles defined by the AHRQ were 1 (USD$1-USD$38 999), 2 (USD$39 000-USD$47 999), 3 (USD$48 000-USD$63 999), and 4 (USD$64 000þ).
Severity of Sepsis
In order to compare accurately across levels of SES, we utilized the sepsis severity score developed by Ford et al. 23 This validated scoring system uses administrative data to adjust for risk of in-hospital mortality in patients with sepsis. 
Statistical Analysis
All analyses were performed using SAS version 9.4 (SAS Institute, Cary, North Carolina) using complex survey procedures. Univariate analysis utilized independent t tests for normally distributed data and the Wilcoxon rank sum test for nonnormal data. w 2 testing was used for categorical data. All tests were performed with an a level of .05.
Multivariate logistic regression analysis modeling the outcome of in-hospital mortality was performed. The variables included in the model were selected a priori and included the severity of illness covariates described in the Methods section. 23 In order to strengthen the analysis, we also included insurance coverage status, hospital size, hospital teaching status, and DNR status. For testing of linear trend of odds ratio [OR], the Cochran-Armitage trend test was used.
Results
A total of 8 023 590 admissions from the 2011 NIS were examined. There were 671 858 patients who met the Angus definition of sepsis and were included in the analysis ( Figure 1 ). The results of the univariate analysis between the highest zip code income quartile and the lowest are displayed in Table 1 . The lowest income residents compared to the highest were younger (66.9 years, standard deviation [SD] ¼ 16.5 vs 71.4 years, SD ¼ 16.1, P < .01), more likely to be female (53.5% vs 51.9%, P < .01), less likely to be white (54.6% vs 76.6%, P < .01), as well as less likely to have health insurance coverage (92.8% vs 95.9%, P < .01). Lower income patients were more likely to receive early mechanical ventilation (13.5% vs 11.3%, P < .01); however, they had a lower incidence of shock (30.0% vs 31.7%, P < .01). There was no difference in unadjusted in-hospital mortality observed between the 2 levels of income (11.0% vs 11.4%, P ¼ .13).
The results of multivariate logistic regression analysis modeling the outcome of in-hospital mortality are displayed in Table 2 . After controlling for severity of sepsis, residing in the lowest income quartile compared to the highest quartile was associated with a higher risk of mortality (OR: 1.06, 95% confidence interval [CI]: 1.03-1.08, P < .01). There was no association seen between the second (OR: 1.02, 95% CI: 0.99-1.05, P ¼ .14) and third (OR: 0.99, 95% CI: 0.97-1.01, P ¼ .40) quartiles compared to the highest. A test for linear trend for the ORs of zip code income quartiles had a P value of <.01, indicating a trend relationship response as income increases. The results of the other covariates in the model are displayed in Table 2 .
Discussion
In this nationwide analysis, we observed an association between household income level and risk of in-hospital mortality in patients with sepsis. Compared to the highest income quartile, residing in the lowest quartile of median household income was associated with a higher risk of death for patients admitted with sepsis. These disparities were evident after adjustment for severity of sepsis using a validated scoring tool that controlled for factors such as race, comorbidities, and ICU admission.
Our results are generally congruent with the existing literature on the effect of SES on mortality in sepsis. A Danish population-based study found that, compared to persons in the highest income tertile, those in the lowest income tertile were 2.77 times more likely to have community-acquired bacteremia. 13 A second Danish study looked prospectively at 387 patients admitted to a general tertiary care ICU and found that, after controlling for disease severity and comorbidities, patients with lower personal income and lower levels of education had a greater risk of both 30-and 180-day mortality, as well as a greater risk of hospital readmission.
14 Most recently, Goodwin et al examined the association of residing in an MUA in South Carolina on the incidence and outcomes of sepsis. 15 They found an increased incidence of sepsis hospitalizations (8.6 vs 6.8 cases/1000 people, P < .01) as well as an increased risk of mortality after adjustment for severity of sepsis. These findings likely explain the uneven distribution of sepsis across zip code income quartiles seen in our analysis.
The deleterious effect income level on mortality in sepsis is likely multifactorial. Social factors such as lack of appropriate housing, overcrowding, poor nutrition, and decreased access to preventative health-care measures such as vaccinations have all been shown to negatively impact health in low SES groups. 24, 25 These groups have also been shown to have higher rates of chronic diseases and increased health-care utilization, reflecting poorer baseline health. 7, 26, 27 Furthermore, immunosuppressive conditions such as HIV, which are more common in lowincome individuals, may directly relate to increased incidence of sepsis. 28 Interestingly, however, Koch et al found that less than half of the discrepancy they observed in rates of bacteremia between persons of high versus low income could be accounted for by differing rates of chronic disease and substance abuse, suggesting that the effect of income on health is profound and multifaceted. 13 As an example, the higher rates of DNR status in the highest income quartile likely reflect increased access to primary care as well as palliative care. 6, 29 In our study, we used median zip code income as a surrogate marker for SES. Although this metric has been widely used in other analyses of SES, it fails to capture other components of SES that are relevant to health care. The concept of MUAs used by Goodwin et al reflects the rate of primary care physicians per capita, the infant mortality rate, the fraction of the population who are aged older than 65 years, and the percentage of the population below the poverty line. In their For race analysis, white is the reference. For zip code income quartile, the highest quartile serves as the reference. For hospital size, small hospitals serve as the reference. All variables displayed in the table were included in the final logistic regression model. recent article, they found residence in an MUA to be associated with mortality in patients with severe sepsis, whereas there was no association with traditional zip code-based surrogates. 15 There are several possible reasons for the discrepancy with our findings. The composite MUA score captures additional factors that may negatively impact health care, which may have generated a significant association with mortality in a small-scale study. Goodwin et al looked only at patients in South Carolina; it is therefore possible that there are significant regional variations in the impact of income on mortality in sepsis. Furthermore, their cohort focused exclusively on patients with severe sepsis, while our analysis used the Angus definition to capture a broader population. 19 Regrettably, data on MUAs, and other key pieces of information such as educational level attained, are difficult to access in many regions. Our findings of an OR of 1.06 for increased mortality in sepsis for patients in the lowest income quartile are thought provoking; however, the clinical utility of this value is unclear. The day-to-day management of these patients should not differ based on their income; however, this finding may reflect systemic differences in care for poorer patients. Further research into health outcomes from sepsis in low-income patients needs to be undertaken.
The strengths of this analysis lie primarily in its size and generalizability. Examination of patients in 47 of 50 states allows for extrapolation of our findings to care delivery across the United States. 17 Our use of the Angus definition of sepsis allowed for a very high specificity and a moderate degree of sensitivity for identifying patients with sepsis. Furthermore, the use of the sepsis severity score developed by Ford et al allowed for adjustment of the severity of sepsis in our modeling, a key component lacking from previous studies. 23 This study had several limitations, and its results must be interpreted in the context of study design. The use of largescale retrospective administrative data comes with inherent risks of coding errors and misclassification bias. As discussed above, the use of median household income by zip code as a measure of SES is not perfect. Ideally, a multilevel analysis incorporating educational attainment and other factors, such as those included in the MUA designation, would better characterize the true SES of patients. Furthermore, median household income may have been biased by differing numbers of individuals per household, for which we were not able to control. It is also possible that there is a more complicated relationship between income and outcomes in sepsis that was not accurately captured by dividing income into quartiles. Unfortunately, the NIS only provides the quartile of household income and not the raw dollar figures which would allow for more complex modeling. Although we were able to control for severity of sepsis in our study using a tool validated in administrative data, a more granular severity of illness indicator such as the Acute Physiology and Chronic Health Evaluation II may have increased the strength of our conclusions. 30 Additionally, as the Angus definition of sepsis is only 50% sensitive, we likely did not capture some patients who had sepsis in our analysis. Nevertheless, the high specificity of the Angus definition allowed us to have a very well-defined cohort with sepsis.
Conclusion
In this national cohort analysis, residence in the lowest income median quartile zip code was associated with a higher risk of in-hospital mortality for patients with sepsis when compared to those in the highest income areas, after adjustment for severity of sepsis. These results should be pursued with future work incorporating a more comprehensive measure of SES, as well as granular patient-level data, to further elucidate the impact of SES on mortality in patients with sepsis.
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